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ABSTRACT

The study of stainless steel 316 has been undertaken in electrolytes
containing various concentrations of chloride (Cl") and perchlorate (ClOy)
ions. The concentration of ClI" and ClO, in these electrolytes varied
between 0.025 and 0.1 M in a variety of combinations. Results showed
that the total number of nucleation and metastable pitting events increased
as [ClI'] and potential increased. However, the percentage propagation rate
of metastable pits from nucleations increased. The data also showed that
the metdlurgical condition of the specimen affected the number of
nucleations and metastabl e pits generated

INTRODUCTION

The pitting potentia is considered the minimum potential at which stable pitting
occurs and can be autocatalytically sustained [1-5]. However, pitting corrosion in the
form of nucleations and metastable pitting starts taking place at potentials far below the
pitting potentia [5-9]. Therefore, catastrophic pitting corrosion is limited to potentials at
and above the pitting potential. Until relatively recently, very little attention has been
paid to the precursor events of pitting which occur below the pitting potential. The
process of pitting corrosion has been found to proceed via three consecutives steps
namely: nucleation, metastable pitting and stable pitting [7-8].

Typicaly, relatively large electrodes are used in the study of pitting corrosion, many
of which have focused on the measurement of the pitting potential. These large
electrodes are usually not useful in the study of nucleations and metastable pitting events.
This is because the passive currents generated on these large electrodes far exceed the
currents generated by nucleations and metastable pits. The passive currents generated on
standard electrodes used in pitting corrosion studies usually fall within 107 and 10°amps,
while peak currents measured for nucleation and metastable pitting events have been in
the region of 10" to 10° [5-10]. Consequently, very small electrodes (microel ectrodes)
which have a passive current density in the region of 10*2amps have to be used for study
in order to allow current signatures from nucleations and metastable pitting to be seen



above thee passive current. However, it is not aways possible to measure pitting
potentials on microel ectrodes because they do not always pit due to a scarcity of viable
sites suitable for sustaining stable pitting [9, 10].

Two of the most important factors that affect the onset of stable pitting are aggressive
ion (e.g. ClI") concentration and applied potential. An increase in the applied potential
and/or [Cl] increases the chances of generating stable pitting. This paper addresses the
effect of these two factors on the nucleation and metastable pitting behavior of stainless
steel. An additional interest isin how metallurgical factors influence these microevents.

EXPERIMENTAL METHOD

AIlSI 316 from two different sources were used in potentiostatic experiments performed
in a two-electrode cell (150 cm®) at a constant potential of 0.2, 0.3 and 0.5 VV (SCE).
From one source, pre-drawn 50pm diameter 316 wires (surface area: 2 x 10° cm?
designated SS316GF) which had no sulphide inclusions 1 pum (detection limit of
instrument) in diameter or larger detectable with SEM-EDX were used to fabricate
microelectrodes. EDX analysis of SS316GF is reported in Table 1. The metal was not
sensitized. Carbon was not analyzed for. From another source, microelectrodes were
fabricated by electropolishing 0.1 x 0.1 x 18 cm portions of commercialy available 0.1
cm thick AISI 316 plates (designated 316Com). Electropolishing in 10.5M H3POy,
between 55 and 60 °C, at cell voltage of 2.0V, was done to fabricate ~12 cm long wires
with fairly circular cross sectional surface areas of between 3.18 and 3.9 x 10%cm?. The
composition 316Com is shown in Table 2. Circular sulphide inclusions (probably MnS,
FeS, or CrS) measuring 1 to 3 um in diameter and less than 1 um thick were detected on
the surface by EDX. No secondary phase precipitates were detected. The metal was not
sensitized.

A silver/silver chloride (Ag/AgC1l) was the combined reference and counter electrode.
Currents between 1 and 350 pA were measured through a current amplifier at a gain of
10 VA™. Potential was applied through the voltage bias system of the current amplifier.
The current output was fed through a digital voltmeter (DVM) into a computer. Data
acquisition took for 2370 sat 13.5 Hz, giving 32 000 data points stored in 16 segments of
2000 data points every 148 s. Housing the cell and the current amplifier in two separate
Faraday cages reduced the noise level. Polarization started immediately the electrode
was introduced into the electrolyte. The eectrolytes (0.025M HCI + 0.075M HCIO,,
0.05M HCI + 0.05M HCIQ,4, 0.075M HCI + 0.025M HCIO4, and 0.1IMHCI) were
deaerated for 1 hour before and throughout experimentation. All electrolytes had a pH of
1.0. HCIO, acted as a supporting electrolyte, allowing solution pH to be maintained at
1.0 while [Cl-] was varied. At least 10 repeat experiments were carried out for each
metal/solution combination examined to provide a statistical basis for the results.
Electrode surfaces were finished with 1200 grit silicon carbide (SIC) paper. All
experiments were carried out at an ambient temperature of 17 + 3 °C

Analyses of Events

A threshold value of 1.6pA was used for analyses to obtain the frequency of
nucleation, metastabl e pitting, and the size (height) of events when SS316GF was studied
(effect of [Cl] and E). However a threshold value of 4.0 pA was used when SS616GF




was compared with 316Com due to the nosier background current of 316Com. The
method for the determination of the threshold value for analyses is reported in detall
elsewhere[9]. All error bars are at a 95% confidence level.

EXPERIMENTAL RESULTS

Figure 1 shows a current transient obtained from SS316GF in 0.1M HCI at 0.2V
(SCE). The background current decayed with time. Superimposed on the background
current are many intermittent anodic current spikes. These anodic current spikes are
either nucleation or metastable pitting events since no stable pitting occurred. The
current was user-limited to 350pA to obtain a good resolution of small nucleation events,
hence the initial ~500 s period of current overload (Figure 1). Peak currents in this
region of overload lie between 10 and 100nA. The observed frequency and peak height
(size) of events is highest early in the experiment. A more detailed description of
nucleations and metastable pits can be found elsewhere [5, 7-9]. Nucleations show afast
current rise and a fast but relatively gentler fal (Figure 2). Nucleation represents the
rupture and repassivation of the oxide film, and occurs extremely quickly [7-9].
Metastable pits are a result of metal dissolution and hence pit propagation. They exhibit
a stepwise current rise from background followed by an abrupt current jump and then a
fall in current to background level [5]. Metastable pit transients are aways preceded by a
nucleation event [9]. Nucleation therefore represents the birth of a pit. The abrupt
repassivation represents the death of the pit; it is aways preceded by a sharp current
increase.

Chloride Concentration Dependence

The semi-logarithmic plot in Figure 3 shows that the average frequency per cm? of
nucleations decays exponentially with time. The frequency of nucleations increases as
[Cl-] increases. The logarithmic plot of the average frequency per unit area (cm?) of
these events as a function of time fits a straight line as expected from equation [1]:

A=A, exp(—lj 1]
T

N 027\40'5 [ 2]

And hence

Where A, is the initia frequency of events per cm? A the frequency (rate) of
nucleation, t is time in seconds, t is the time constant and N, is the total number of
nucleations available. The average frequency was calculated from 15 runs for all the
electrolytes except 0.025M HCI + 0.075M HCIO,4 which was from 19 runs. Each point
was plotted at the mid-point of the time interval (148 s) it represents. The error bars are
a a 95% confidence level. Values for A, T and N,, were obtained from regression
analyses (Table 3).

Figure 4 shows the average frequency per cm? of metastable pitting as a function of
time. The data in Figure 4 was generated simultaneously from the same runs as the



average freguencies of nucleations were generated. Very few metastable pits occurred
during the experiments resulting in a number of segments having no metastable pits
occurring. The vertical axes of the graphs in Figure 4 have been broken to incorporate a
linear scale to show the zero values otherwise impossible to show on the logarithmic
scale. The regression lines on the graph are not therefore as accurate as those shown in
Figure 3. However, the data also tend to show an exponential decay of the frequency
with time. The vaues of t and N, for metastable pits increase roughly with increase in
[CI-]. This shows an increase in propensity to generate metastable pits as [Cl-] increases
(Table 3). The percentage of nucleations which proceeded to become metastable pits
(from No) were 20, 8.1, 9.0, and 3.1% for SS316GF in 0.025 M HCI + 0.075 M HCIQ,,
0.05 M HCl + 0.05 M HCIO4 0.075 M HCI + 0.025 M HCIO4 and 0.1 M HCI
respectively (Figure 5).

The peak current (height) distribution of nucleation events is described in Figure 6.
All the peaks in the distribution are between 1.6 and 350pA (current limit). Events
smaller than 1.6pA if present were obscured by the background noise. Nucleations larger
than 350pA although present, usually occurred during the first 500s of the experiment but
were truncated of by the current limit. These events were few relative to the total number
of nucleations that occurred. The height of nucleation events was grouped
logarithmically using Y/s-decade intervals. The groups include A: 1.6 - 3.4 pA, B: 3.4 -
7T4pA,C: 74-16pA,D: 16 - 345 pA, E: 345- 743 pA, F: 74.3 - 160 pA and G:
>160. The distribution of the peak height of events was not significantly affect by [CI].
There is a consistent exponential decay in the number of nucleations with increase in
logarithmic current range for the four sets of data presented.

The Effect of Applied Potential (E)

The effect of applied potential on nucleations and metastable pitting was examined on
SS316GF in 0.025 M HCI + 0.075 M HCIO4 at 0.2, 0.3 and 0.5 V. Figure 7 compares the
average frequencies of nucleations per cm? at 0.2 and 0.5V (SCE) and shows that there is
an increase in the frequency as potential increases. These are the averages from 19 and
15 runs at 0.2 and 0.5V (SCE) respectively. Thereis an exponential decay of nucleations
(Figure 7) and metastable pits (not shown) at all potentials. For nucleations, as potential
increases, T is unchanged while A, and N, increase implying that t is unaffected by E
(Table 4). For metastable pits, T and N, increased while A, remained constant, implying
that E does not affect the rate of metastable pitting. However, Table 4 shows that the
percentage of nucleations, which propagated into metastable pits, remained low, at 20, 8
and 16% for 0.2, 0.3 and 0.5V(SCE) respectively. These values suggest that the
percentage of events, which propagated into metastable pits, did not change.

Figure 8 shows the height distribution of the nucleation events at different E. The
current intervals are also '/s-decade intervals. There is an exponential decay in the
number of events as the current range increases. Figure 8 suggests that E does not
significantly change the size distribution of events nucleated.

Metallurgical Effects

SS316GF and SS316Com were compared in 0.025M HCI + 0.075M HCIO, at
0.2V(SCE). The characteristics of the current transients of SS316Com are similar in all
respects to those of SS316GF described in Figure 1. However, the decay of background




current to the level attained by SS316GF took a longer time. In all runs, the background
current from 316Com was noisier compared with SS316GF. This was probably a result
of the larger surface area of 316Com electrodes employed. Events also continued to
occur for alonger duration, thus experiments were continued for much longer (11850 s)
on 316Com.

Figures 9 and 10 show that the average frequencies of nucleation and metastable
pitting per cm? on SS316GF and 316Com decayed exponentialy as a function of time,
but decayed at different rates. For 316Com, each data point represents the average
frequency of eventsin 592 s. These are the averages from 10 and 19 runs for 316Com
and SS316GF respectively. The vaues of A, and N, are higher for SS316GF showing
that more nucleations and metastabl e pits occurred and did so at afaster rate on SS316GF
than on 316Com (Table 5). The time constant, t, was longer on 316Com, showing that it
took alonger time for the events to occur (Table 5). The percentage of nucleations that
propagated into metastable pits was found to be 6.67% for 316Com and 35.48% for
SS316GF, making it five times more likely that a metastable pit would occur on
SS316GF than on 316Com (Table 5).

The height of nucleations is grouped logarithmically using */s-decade intervals in
Figure 11: A: 4.0 - 8.6pA, B: 8.6 - 18.6pA, C: 18.6 - 40.0pA, D: 40.0 - 86.2pA, E:
86.2-185.7pA, and F: >185.7. There is an exponential decay in the number of
nucleations as the current range increases for 316Com but not on SS316GF. For
SS316GF, this (no observed decay) is a result of using a threshold value of 4.0pA.
Figure 6 shows that when the events between 1.6 and 3.9pA are included in the analysis
for SS316GF, the decay in the number of nucleations is also exponential in nature. The
percentage of nucleationsis similar for both metalsin ranges B and C. Thence SS316GF
shows a larger proportion of events than 316Com in ranges D, E and F at the expense of
eventsinrangeA.

DISCUSSION

The kinetics associated with the current decay in nucleations is consistent with
classical repassivation kinetics of a freshly exposed metal surface [9, 11-13]. It is
expected that little or no dissolution of metal occurs in nucleations as this would cause a
deviation from classical repassivation kinetics. Brief metal dissolution takes place when
metastable pits occur [5, 6]. Current from metastable pit growth is approximately
proportional to t? and thus maintains afairly constant current density as the pit grows [5].

A possible mechanism to explain the phenomenon of nucleation is by a field-driven
migration of Cl- ions across the oxide film probably occurring in parallel with oxide ion
migration, the latter causing passivation by oxide film growth. On arriving at the oxide
film/metal surface, formation of the metal chloride takes place. Since the molar volume
of the metal chloride is much larger than that of the metal or the metal oxide [14], an
internal pressure quickly builds up which eventually ruptures the oxide film on
attainment of a critical volume, which exerts enough pressure to cause rupture. The
critical volume would depend on the mechanical properties of the oxide film at the site
and the geometry of the inclusion at the site.



In this mechanism, the process islocalized because the weakest parts of the oxide film
usually associated with inclusions are preferentialy penetrated by Cl- ions and the
underlying inclusions are very quickly dissolved. The imperfections in the portion of the
oxide film that cover these sites [15, 16] make the migration of ClI- ions possible at these
sites. The exponentia decay of the rate of nucleation with time portrayed in Figures 3, 7
and 9 show that sites of pit nucleation are exhausted with time when exposed to
aggressive environments.

It is expected that the total number of nucleations (N,) bear a relationship to the
number of inclusions on the surface of the metal. However it is unlikely that the number
of nucleactions equal the number of inclusions on the metal surface for a given set of
condition ([CI-], E), since this would imply that each nucleation results in the remova of
an incluson. This implies that more than one nucleation could occur on a single
inclusion before the site is exhausted (if a metastable pit does not occur).

The increase in initial frequency of pit nucleation (A,) with [Cl-] and E is consistent
with the fact that passivity is less stable and the metal is more susceptible to pitting as
[Cl-] and E increase. The increase in A, with [Cl-] may be explained under the proposed
mechanism of nucleation as follows. Assuming a critical volume of metal chloride is
required to cause the rupture of the oxide film at a particular site, and bearing in mind
that the average number of Cl- ions per unit volume increases with concentration, under
the same field strength, it is expected that at higher [Cl-], the amount of Cl- ions required
for the formation of the critical volume of metal chloride necessary for film rupture will
be attained faster. This is because more CI- ions will migrate through the film per unit
time and hence a higher A, isredlized. Increasing E increases the driving force on the Cl-
ions so that they migrate through the oxide film and accumulate faster. The result is that
at constant [Cl-] the critical amount of ions required to cause film rupture is attained
faster hence the increase in A, with E.

The increase in the time constant t, and the total number of nucleations, N, with [Cl-],
(Table 3) is consistent with the availability of more potential sites for pit nucleation
becoming accessible to activation. The increase in t may be associated with the
activation of sites, which were not available at alower [Cl] at the same E, or at the same
[CIT] at different E (Table 4). Such inaccessibility could have been due to compositiona
(reactivity) or geometrical (degree of site occlusion) difference of the inclusions.

The decay of the number of events as a function of size (Figures 6, 8 and 11) implies
that the largest events are the rarest. It is expected that the tendency for a metastable pit
to propagate from a nucleation would increase as the event gets bigger. More Cl- will
accumulate at the site as the nucleation size increases, making repassivation more
difficult, and increasing the chances of metastable pit formation. Evidence to support the
above argument is found in Figure 12, which is the height distribution of nucleations in
deaerated 0.1IMHCI at 0.2V (SCE) on SS316GF that propagated into metastable pits. It
shows that the propensity to generate metastable pits increases with the size of the
nucleation.

The occurrence of metastable pitsis a rarity compared with the number of nucleations
that occur (Tables 3 and 4). Theincrease in N, as E and [Cl] increase (Tables 3 and 4)



can be explained by the increase in the number of sites accessible to pit nucleation and
the increase in tendency to accumulate Cl- ions at sites of pit nucleation at afaster rate as
E and [Cl-] increase. Theimplication isthat more open sites can result in the propagation
of metastable pits. It is not fully understood why t for metastable pitting increases as E
and [Cl-] increase. A possible reason may be that the additiona sites that have been
nucleated require more time for the accumulation of sufficient Cl- for metastability to set
in. If asiteis more open, it is reasonable to expect that because of a reduced barrier to
diffusion than a more occluded site, the time required to propagate the pit will be longer
since more time will be needed to build up the required [Cl-]. This might also explain the
insignificant changesin the value of A.

The reason for the reduction in the percentage of metastable pits that propagated from
nucleations (although real number increased, Table 3) as [Cl] increases and the
insignificant change in percentage propagation as E increased (Table 4) is not fully
understood. It could be expected that the number of metastable pits generated would be
proportional to the number of nucleations that occur. The reduction in percentage of
propagation as [Cl-] increased suggests that the proportion of nucleations that attained
metastability decreased. A possible reason may be connected to the value of t for
nucleations as a function of [Cl-] and E (Tables 3 and 4). The increase in the value of 1
as [Cl7] and E increase suggests that some of the events are difficult to nucleate. 1t may
then be expected that metastable pits may even be more difficult to propagate from these
events. This will therefore result in the repassivation of most of these events at the
nucleation stage, resulting in the general reduction in percentage of metastable pits that
were generated.

The effect of factors like the grain size (in this case determined by manufacturing
process) and inclusion size on nucleation and metastable pitting were sought in this study.
Since pits are usually nucleated at sites of non-metallic inclusions [15-17], it was
expected that 316Com would be more active than SS316GF in Cl- solution, since no
inclusions were detected on SS316GF, but some measuring between 1 and 3 um were
detected on 316Com.

The higher values of A, and N, obtained for nucleation and metastable pits for
SS316GF compared with 316Com (Table 5) is believed to be a direct function of the
number of nucleation sites on the surface of the metal. This suggests more numerous
sites (inclusions) were present on SS316GF than on 316Com, and that they eluded
detection because they were less than 1um in diameter, the maximum resolution of SEM-
EDX system used for analyses. The behavior of SS316GF may then be linked to the
characteristics (size, number per cm? and perhaps the chemical reactivity) of the
inclusions on the metal surface.

The more numerous sites on SS316GF may have been caused by the drawing process
used in preparing the wires (used in the as-received state) which has the tendency not
only of reducing the grain size of the specimen, but aso the inclusion size by breaking
them down into smaller aggregates, resulting in an increase in the number of potential pit
nuclei. Since no inclusions were observed on this metal, the inclusions must have been
lower than the resolution of the SEM used which was ~1um. In the case of 316Com, the
wires used for the experiment were prepared out of flat sheets by cutting out 0.1 x 0.1 x



18 cm portions for electropolishing without any cold working, resulting in the
maintenance of the grain structure and inclusion size and distribution of the material.
SEM showed some inclusions (albeit very few) on 316Com of between 1 and 3um
across, and it is possible that smaller inclusions were present on the metal surface that
could not be detected. Since the surface area of the sample (316Com) used for the
investigation was minute (3.2 x104 to 3.9 x 104 cm?) compared with the rest of the
specimen (3.0 x 104 cm?), it is believed that because of this, the number of inclusion in
the microelectrode was very small and the probability that some of the large inclusions
were present in the electrode even smaller. This may have led to the lower value of A,
and N, for 316Com. This is consistent with the finding that fewer number of nucleation
sites (controlled by electrode size) result in higher measured pitting potentials [10].

Further evidence that the number of large inclusions on the 316Com electrode were
very few (if present) may be found in Figure 11, which shows the height distribution of
the events on both metals. A higher percentage and hence more nucleations occurred at
much higher current ranges on SS316GF than on 316Com. This might suggests that
316Com had a higher proportion of smaller inclusions on its surface compared with
SS316GF. The implication of this is that more metastable pits will be formed on
SS316GF because the propensity to propagate them increases with the size of the
nucleations (Figure 12). This explains why more metastable pits occurred on SS316GF
than on 316Com. It could not be verified that 316Com was more resistant to stable
pitting than SS316GF since both metals did not pit below or at 0.8V (SCE), the maximum
potential employed in this study.

CONCLUSION

a) Increasein [Cl7] increased theinitial frequency of nucleation A ,, time constant, t, and
total number of nucleation events N,. For metastable pitting, the increase in [Cl]
increased the time constant, t, and total number of metastable pits No. Ao the initia
frequency of metastable pitting remained unaffected.

b) Anincreasein E increased the initia frequency of nucleation A,, and total number of
nucleation events No,. The time constant, t, was unaffected. For metastable pitting,
time constant, t, and total number of metsatable pits N, increased, while A, theinitial
frequency of metastable pitting was unaffected.

c) The number of these events decay exponentially with time in a manner consistent
with first order kinetics.

d) The height distribution of events was unaffected by neither [CI] or E.

e) Metastable pits are difficult to propagate from nucleations. The propensity to
generate them increases as the size of the nucleations increase. .

f) SS316GF had higher A, and N, compared with 316Com for nucleations and
metastable pits. SS316GF also nucleated a higher proportion of large events
compared with 316Com. This suggests that SS316GF is more susceptible to pitting
corrosion than 316Com.

This work was performed under the auspices of the U. S. Department of Energy by University of California,
Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.
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Table 1. Composition of SS316GF in wt%.

Cr Ni Mn | Mo | S
194 | 118 | 22 | 24 | 0.2

Table 2. Composition of 316Com in wt%

S |Mn| Cr [Mo|[ Ni | P |S |Cu|Nb|Ti|N|C | O
.008(1.69|16.9|255(11.7|.029| .36|.29|.01|.02|.04|.05|.004

Table 3. The time constant t, initial frequency of events A, total number of events N,, the
running sum Ng for nucleations (a) and metastable pits (b) in deaerated 0.025MHCl +
0.075MHCIO,, 0.05MHCI + 0.05MHCIO,, 0.075MHCI + 0.025MHCIO, and 0.1MHCI on
SS316GF at 0.2V (SCE). R: regression coefficient.

Electrolytes Nucleations M etastable pits
/s | AJs'em? | 10°NJem? | R /s | Agsiem? | 10°NJem? | R
0.025MHCI + | 632 875 0.55 0.83 | 826 134 011 0.75
0.075MHCIO,
0.05MHCI + | 1286 1348 173 0.74 | 1159 118 0.14 0.71
0.05MHCIO,
0.075MHCI + | 939 2487 2.34 0.92 | 1591 129 021 0.66
0.025MHCIO,
0.1IMHCI 1152 4441 5.12 0.94 | 1530 105 0.16 0.76




Table 4. Thetime constant <, initial frequency of events,, and total the number of events N per
cm? in deaerated 0.025MHCI + 0.075MHCIO,. Polarization: 0.2V, 0.3 and 0.5V(SCE) on

SS316GF. R: regression coefficient.
E/(SCE) Nucleations M etastable pits
/s | AJs'em? | 10°NJem? | R | 1/s | Ags'em? | 10°NJem™® | R
0.2v 632 875 0.55 0.83 | 826 134 0.11 0.76
0.3V 754 2254 1.70 0.93 | 559 227 0.14 0.92
0.5V 633 3540 2.24 0.91 | 1550 108 0.35 0.76

Table 5. The time constant <, initial frequency of events A,, and the total number of events N, in
deaerated 0.025MHCI + 0.075MHCIO,, on 316Com and SS316GF.

M etal Nucleations M etastable pits
/s | AJs'em? | 10°NJem? | R /s | Agsiem? | 10°NJem? | R
316Com | 2762 53 0.15 0.89 | 2135 7 0.01 0.77
SS316GF | 685 451 0.31 0.76 | 826 134 0.11 0.90
350 —— ; ] 120 . N —

N
a1
o
T
1

80

N
Q
o
T
1

Current/pA
Current/pA
3

=
a1
o
T

40

=
Qo
o
T

20

ol
o
T

o

P
17215

PR SR
1722
Timels

ol—— A
1721 17225 1723

Figure 2. Current transients of single
nucleation event on SS316G in 0.IMHCI at

0.2V(SCE). The height of this one is about
105pA.

Figure 1. Current transent of SS316G in 0.1 M
HCI for 2370s at 0.2V (SCE).
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Figure 7. Average frequency of nucleations per
cm’ as a function of time in deaerated
0.025MHCI + 0.075MHCIO, a 0.2V and
0.5V(SCE) on SS316GF.
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Figure 9. Average frequency of nucleation
events per cm® as a function of time in
deaerated 0.025MHCI + 0.075MHCIO,, on

316Com and SS316GF.
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Figure 11. Height digtribution of nucleation
events in  deaerated 0.025MHCI +

0.075MHCIO4 on 316Com and SS316GF at
0.2V(SCE).
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Figure 8. Height distribution of nucleation
events in  deagrated 0.0256MHCI  +

0.075MHCIO, a 0.2V, 0.3 and 0.5V(SCE) on
SS316GF.
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Figure 10. Average frequency of metastable
events per cm’ as a function of time in
deaerated 0.025MHCI + 0.075MHCIO,, on
316Com and SS316GF.
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Figure 12. Height distribution of the tota

number of nucleations in deaerated 0.IMHCI at
0.2V(SCE) on SS316GF, which propagated
into metastable pits. This graph was generated
from atotal of 22 metastable pits.
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